Background
Materials and methods
The data presented in the checklist are based primarily on the results of field survey for more than 10 years and published information concerning NSII, field plant survey (a list of records and plant photos), "Floristics and distribution of plants in Xiao Hinggan Ling, China" (Cao and Li 2007), The International Plant Names Index (IPNI) (http://www.ipni.org/ index.html) and Global Biodiversity Information Facility (GBIF) (GBIF 2014) , the newl recorded and new species are obtained from the published taxonomic articles in recent ten years (e.g., Zheng and Cao 2013 , Zheng and Pan 2012 , Ma 2013 , Ma 2014 , Wang et al. 2013 , and Flora of China (FOC 2013) , Species Catalogue of China (Zhu et al. 2015) . Scientific name in the original data were transformed into the accepted name in the The Plant List (TPL database) (http://www.theplantlist.org/1.1/about) by Taxonomic Name Resolution Service (TNRS) (http://tnrs.iplantcollaborative.org). Finally, we unified the classification system. PPGI system was used for Pteridophyte (PPG I 2016), Christenhusz system was used for gymnosperms (Christenhusz et al. 2010 , Zhang 2017 , and APGⅥ system was used for angiosperms (APG IV 2016) (Suppl. material 1).
Newly recorded tracheophytes in Xiao Hinggan Ling Phylum Pteridophyta
Order Polypodiales
Family Athyriaceae

Athyrium fallaciosum Milde
Family Onocleaceae
Onoclea sensibilis L.
Family Dennstaedtiaceae
Pteridium aquilinum (L.) Kuhn Order Equisetales Order Equisetales
Family Equisetaceae
Equisetum ramosissimum Desf.
Order Ophioglossales
Family Ophioglossaceae
Ophioglossum vulgatum L.
Ophioglossum thermale Kom.
Order Polypodiales Family Dryopteridaceae
Dryopteris austriaca (Jacq.) Woyn. ex Schinz & Thell.
Order Salviniales Family Salviniaceae
Salvinia natans (L.) All.
Phylum Gymnospermae Order Pinales Family Pinaceae
Abies holophylla Maxim.
Larix gmelinii var. principis-rupprechtii (Mayr) Pilg.
Picea koyamae Shiras.
Picea obovata Ledeb.
Pinus armandii Franch.
Pinus densiflora Siebold & Zucc.
Phylum Angiospermae
Order Acorales
Family Acoraceae
Acorus calamus L.
Order Alismatales
Family Alismataceae
Alisma gramineum Lej.
Sagittaria trifolia L.
Family Butomaceae
Butomus umbellatus L.
Family Hydrocharitaceae
Najas minor All.
Family Potamogetonaceae
Potamogeton octandrus var. mizuhikimo (Makino) H.Hara
Potamogeton oxyphyllus Miq.
Potamogeton perfoliatus L.
Potamogeton polygonifolius Pourr.
Potamogeton pusillus L.
Order Apiales
Family Apiaceae
Anethum graveolens L.
Cnidium dauricum (Jacq.) Fisch. & C.A.Mey. 
Eriocycla albescens var. latifolia Shan et Yuan
Osmorhiza aristata
Angelica gigas Nakai
Angelica nakaiana (Kitag.) Pimenov
Angelica polymorpha Maxim.
Anthriscus sylvestris (L.) Hoffm.
Bupleurum angustissimum (Franch.) Kitag.
Bupleurum bicaule Helm
Carlesia sinensis Dunn
Heracleum hemsleyanum Diels
Heracleum lanatum Michx.
Oenanthe javanica subsp. rosthornii (Diels) F.T. Pu
Peucedanum terebinthaceum var. deltoideum (Makino ex K. Yabe) Makino
Sanicula tuberculata Maxim.
Family Araliaceae
Aralia continentalis Kitag.
Panax pseudoginseng Wall.
Panax quinquefolius L.
Order Asparagales
Family Amaryllidaceae
Allium anisopodium Ledeb.
Allium leucocephalum Turcz. ex Ledeb.
Allium przewalskianum Regel
Allium sacculiferum Maxim. 
Allium schoenoprasum L.
Allium thunbergii G.Don Family Asparagaceae
Asparagus dauricus Fisch. ex Link
Asparagus trichophyllus Bunge
Convallaria majalis L.
Polygonatum odoratum
Saussurea maximowiczii Herder
Saussurea sclerolepis Nakai & Kitag.
Saussurea stoliczkae C.B.Clarke
Saussurea tenerifolia Kitag.
Saussurea tomentosa Kom.
Saussurea ussuriensis Maxim.
Scorzonera austriaca Willd.
Senecio ambraceus Turcz. ex DC.
Senecio cannabifolius var. integrifolius (Koidz.) Kitam.
Serratula cupuliformis Nakai & Kitag.
Serratula marginata Tausch
Serratula polycephala Iljin
Solidago decurrens Lour.
Sonchus transcaspicus Nevski
Taraxacum asiaticum Dahlst.
Taraxacum mongolicum Hand.-Mazz.
Taraxacum platypecidum Diels
Taraxacum sinicum Kitag. 
Cardamine flexuosa With.
Cardamine komarovii Nakai
Cardamine parviflora L.
Cardamine pratensis L.
Dontostemon hispidus Maxim.
Dontostemon micranthus C.A.Mey.
Erysimum perofskianum Fisch. & C.A.Mey.
Erysimum flavum (Georgi) Bobrov
Lepidium apetalum Willd.
Lepidium densiflorum Schrad.
Order Caryophyllales Family Amaranthaceae
Corispermum macrocarpum Bunge ex Maxim.
Corispermum elongatum Bunge ex Maxim.
Amaranthus albus L.
Amaranthus retroflexus L.
Dysphania botrys (L.) Mosyakin & Clemants
Family Caryophyllaceae
Stellaria cherleriae (Fisch. ex Ser.) F.N. Williams
Stellaria bungeana Fenzl
Cerastium arvense L.
Dianthus repens Willd.
Dianthus superbus L.
Eremogone capillaris (Poir.) Fenzl
Gypsophila oldhamiana Miq.
Lychnis wilfordii (Regel) Maxim. 
Minuartia macrocarpa var. koreana (Nakai) Hara
Polygonum kawagoeanum Makino
Polygonum lapathifolium var. lanatum (Roxb.) Steward
Polygonum maackianum Regel
Polygonum muricatum Meisn.
Polygonum ochreatum L.
Polygonum patulum M.Bieb. 
Polygonum posumbu
Rumex aquaticus L.
Rumex crispus L.
Rumex marschallianus Rchb.
Rumex patientia L.
Rumex stenophyllus Ledeb.
Order Celastrales
Family Celastraceae
Celastrus orbiculatus Thunb. 
Euonymus hamiltonianus Wall.
Euonymus oxyphyllus Miq.
Euonymus rehderianus
Lonicera ferdinandii Franch.
Lonicera japonica Thunb.
Lonicera nigra L.
Lonicera subhispida Nakai
Patrinia scabra Bunge
Patrinia scabiosifolia Link Order Ericales Family Balsaminaceae
Impatiens furcillata Hemsl.
Polemonium caeruleum L.
Family Primulaceae
Androsace septentrionalis L.
Lysimachia clethroides Duby
Primula farinosa L.
Primula matthioli (L.) K.Richt.
Primula patens E.A. Busch
Primula pumilio Maxim.
Primula saxatilis Kom.
Order Fagales Family Betulaceae
Carpinus cordata Blume
Ostryopsis davidiana Decne.
Betula chinensis Maxim.
Betula ovalifolia Rupr.
Betula schmidtii Regel Family Fabaceae
Melilotus dentatus (Waldst. & Kit.) Pers.
Glycyrrhiza pallidiflora Maxim.
Hedysarum vicioides Turcz.
Hylodesmum oxyphyllum (DC.) X.F. Gao
Melilotus albus Medik.
Oxytropis hailarensis Kitag.
Astragalus chinensis L.f.
Astragalus complanatus Bunge
Astragalus filiformis (DC.) Poir.
Astragalus galactites Pall.
Astragalus monbeigii G.Simpson
Astragalus penduliflorus Lam.
Desmodium oldhamii Oliv.
Glycine max (L.) Merr.
Lathyrus quinquenervius (Miq.) Litv.
Lathyrus vaniotii H.Lev.
Lespedeza cyrtobotrya Miq.
Lespedeza floribunda Bunge
Trifolium hybridum L.
Trifolium pratense L.
Trifolium repens
Vicia cracca L.
Vicia multicaulis Ledeb.
Vicia ohwiana Hosok.
Vicia venosa (Link) Maxim.
Vicia tenuifolia Roth
Quercus dentata Thunb.
Quercus wutaishanica Mayr
Order Gentianales
Family Apocynaceae
Periploca sepium Bunge
Cynanchum acutum subsp. sibiricum (Willd.) Rech.f.
Family Gentianaceae
Gentiana caeruleogrisea T.N.Ho
Gentiana scabra var. buergeri (Miq.) Maxim. ex Franch. & Sav.
Gentiana zollingeri Fawc.
Swertia perennis L.
Family Rubiaceae
Galium platygalium (Maxim.) Pobed. 
Galium rubioides L.
Galium spurium L.
Galium trifloriforme
Lilium brownii var. viridulum Baker
Lilium cernuum Kom.
Lilium concolor Salisb.
Family Smilacaceae
Smilax nipponica Miq.
Smilax riparia A.DC.
Order Malpighiales Family Ericaceae
Arctous rubra (Rehder & E.H.Wilson) Nakai
Arctous alpina (L.) Nied.
Monotropastrum humile (D.Don) H.Hara
Pyrola japonica Klenze ex Alef.
Pyrola renifolia Maxim.
Pyrola rotundifolia L.
Pyrola tschanbaischanica Y.L. Chou & Y.L. Chang
Rhododendron micranthum Turcz.
Rhododendron mucronulatum Turcz.
Family Euphorbiaceae
Euphorbia esula var. cyparissioides Boiss.
Euphorbia fischeriana Steud.
Euphorbia hirta L.
Euphorbia maculata L.
Euphorbia pekinensis Rupr.
Euphorbia pilosa L.
Euphorbia sieboldiana C.Morren & Decne.
Euphorbia thymifolia L.
Family Phyllanthaceae
Phyllanthus ussuriensis Rupr. & Maxim.
Phyllanthus urinaria L.
Family Salicaceae
Populus simonii Carrière
Salix bebbiana Sarg.
Salix caspica Pall.
Salix forrestii K.S.Hao
Salix microstachya Turcz.
Salix miyabeana Seemen
Salix rotundifolia Trautv.
Salix starkeana Willd.
Family Violaceae
Viola bangii Rusby
Viola biflora L.
Viola philippica Cav.
Viola prionantha Bunge
Viola rossii Hemsl.
Order Myrtales Family Lythraceae
Trapa natans var. bispinosa (Roxb.) Makino
Trapa natans L.
Family Malvaceae
Grewia biloba var. parviflora (Bunge) Hand.-Mazz.
Tilia mongolica Maxim.
Tilia platyphyllos Scop.
Family Onagraceae
Oenothera villosa Thunb.
Oenothera biennis L.
Epilobium amurense Hausskn.
Epilobium angustifolium subsp. circumvagum Mosquin
Epilobium ciliatum Raf.
Epilobium minutiflorum Hausskn.
Order Nymphaeales
Family Nymphaeaceae
Euryale ferox Salisb. 
Nymphaea nouchali
Schoenoplectiella juncoides (Roxb.) Lye
Scirpus lushanensis Ohwi
Scirpus sylvaticus L.
Family Eriocaulaceae
Eriocaulon atrum Nakai
Eriocaulon decemflorum Maxim.
Family Juncaceae
Juncus articulatus L.
Juncus grisebachii Buchenau Family Oleaceae
Fraxinus bungeana A.DC.
Fraxinus chinensis Roxb.
Fraxinus chinensis subsp. rhynchophylla (Hance) A.E.Murray Family Poaceae
Avena sativa L.
Cleistogenes polyphylla Keng f.
Arthraxon hispidus (Thunb.) Makino
Avena fatua L.
Cleistogenes caespitosa Keng
Lolium temulentum L.
Agrostis divaricatissima Mez
Agrostis macrathera Phil.
Alopecurus longiaristatus Maxim.
Alopecurus magellanicus Lam.
Brachypodium sylvaticum (Huds.) P.Beauv.
Bromus richardsonii Link
Calamagrostis emodensis Griseb.
Echinochloa oryzoides (Ard.) Fritsch
Elymus gmelinii var. macratherus (Ohwi) S.L. Chen & G.H. Zhu
Elymus kamoji (Ohwi) S. L. Chen
Eragrostis minor Host
Festuca japonica Makino
Festuca ovina L.
Festuca parvigluma Steud.
Glyceria lithuanica (Gorski) Gorski
Hordeum vulgare L.
Pennisetum flaccidum Griseb.
Pennisetum glaucum (L.) R.Br.
Poa acroleuca Steud.
Puccinellia kobayashii Ohwi Family Typhaceae
Sparganium erectum L.
Sparganium eurycarpum subsp. coreanum (H.Lév.) C.D.K.Cook & M.S.Nicholls
Typha minima Funck
Typha przewalskii Skvortsov Order Ranunculales
Family Asteraceae
Matricaria chamomilla L.
Conyza japonica (Thunb.) Less. ex Less.
Achillea millefolium
Ainsliaea acerifolia Sch.Bip.
Artemisia aurata Kom.
Artemisia brachyloba Franch.
Artemisia brachyphylla Kitam.
Artemisia kawakamii Hayata
Artemisia laciniata Willd.
Artemisia lancea Vaniot
Artemisia oxycephala Kitag.
Artemisia sylvatica Maxim.
Artemisia vestita Wall. ex Besser
Artemisia zhongdianensis Y.R.Ling
Aster alpinus L.
Aster hispidus Thunb.
Atractylodes koreana (Nakai) Kitam.
Atractylodes lancea (Thunb.) DC.
Atractylodes ovata (Thunb.) DC.
Bidens cernua L.
Bidens parviflora Willd.
Bidens tripartita L.
Carpesium macrocephalum Franch. & Sav.
Chrysanthemum indicum L.
Chrysanthemum morifolium Ramat.
Chrysanthemum zawadskii Herbich
Cirsium shansiense Petr.
Dendranthema lavandulifolium var. seticuspe (Maxim.) C.Shih
Erigeron annuus (L.) Pers.
Erigeron canadensis L.
Erigeron thunbergii A.Gray
Eupatorium lindleyanum DC.
Kalimeris altaicus var. millefolius (Vant.) Wang
Hieracium hololeion Maxim.
Inula britanica var. sublanata Komar.
Inula chinensis (Kom.) Kom.
Inula salicina L.
Rubus crataegifolius Bunge
Rubus humilifolius C.A. Meyer
Rubus idaeus subsp. melanolasius Dieck ex Focke
Rubus idaeus subsp. strigosus (Michx.) Focke
Rubus parvifolius L.
Sanguisorba canadensis L.
Sanguisorba officinalis var. longifila (Kitag.) T.T.Yu & C.L.Li
Sanguisorba × tenuifolia var. grandiflora Maxim.
Sorbaria sorbifolia var. stellipila Maxim.
Sorbus alnifolia var. lobulata (Koidz.) Rehder
Spiraea dahurica (Rupr.) Maxim.
Spiraea pubescens Turcz.
Spiraea trichocarpa Nakai Family Ulmaceae
Ulmus davidiana Planch. 
Ulmus parvifolia
Sedum pallescens Freyn
Sedum roseum (L.) Scop.
Sedum telephium L.
Family Grossulariaceae
Ribes burejense F. Schmidt
Ribes giraldii Jancz.
Ribes komarovii Pojark.
Ribes mandshuricum var. subglabrum Kom.
Ribes nigrum L.
Ribes procumbens Pall.
Ribes ussuriense Jancz.
Family Haloragaceae
Myriophyllum spicatum L.
Family Saxifragaceae
Astilboides tabularis (Hemsl.) Engl.
Mukdenia acanthifolia Nakai
Chrysosplenium lectus-cochleae Kitag.
Chrysosplenium pilosum var. valdepilosum Ohwi
Chrysosplenium serreanum Hand.-Mazz.
Saxifraga laciniata Nakai & Takeda
Saxifraga manshuriensis (Engl.) Kom. (Table 1, Table 2 ). Amongst them, there are 1 genus and 8 species of clubmosses, 6 species of gymnosperms, including 6 families, 55 genera and 555 species of angiosperm. The 569 newly added species of tracheophytes belong to 91 families and 267 genera; the results of family size ranking according to the number of species in families are shown in Table 2 . The newly added families are Acoraceae, Butomaceae, Linderniaceae, Moraceae, Pedaliaceae and Zygophyllaceae and the results of ranking 56 newly added genera by genus size are shown in Table 3 ). Astilboides, Batrachium, Brachypodium, Butomus, Cannabis, Carlesia, Carpinus, Cnidium, Conyza, Desmodium, Epimedium, Eriocycla, Eritrichium, Euryale, Glycyrrhiza, Grewia, Hedysarum, Hylodesmum, Leptopyrum, Limonium, Lindernia, Lolium, Matricaria, Monotropastrum, Morus, Mukdenia, Nabalus, Osmorhiza, Ostericum, Ostryopsis, Oxytropis, Parietaria, Periploca, Physalis, Pleurospermum, Salvinia, Sibbaldia, Sibbaldianthe, Stevenia, Trapella, Tribulus , Trichophorum 49 1 species Table 2 .
Saxifraga stolonifera
Tracheophyte families and their species diversity in Xiao Hinggan Ling. Table 3 .
Tracheophyte genera and their species diversity in Xiao Hinggan Ling.
Tracheophyte of Xiao Hinggan Ling in China: an updated checklist
Discussion
This study added 569 new species, 56 genera and 6 families records to the known checklist. There are 2 main reasons for the results. First, the old checklist was obtained from the IFP, which had more than 290,000 tracheophyte specimens, far less than NSII (more than 10.41 milion). Second, some new record species were found through our field survey, such as some invasive species and exotic plants (e.g.Trifolium repens, Helianthus tuberosus and Erigeron annuus) (Van Der Wal et al. 2008) . The phenomenon may be due to the increase in the degree of human interference which provides suitable conditions for the invasion of alien plants in the Xiao Hinggan Ling area. In addition, with the warming of the climate, the plant distribution belt moves northward and some plants in the adjacent flora gradually infiltrate into the Xiao Hinggan Ling region, which is also an important reason for the emergence of some newly recorded species in this region (Parmesan and Yohe 2003).
The new list can reflect the plant varieties in the natural ecosystem of Xiao Hinggan Ling. It can provide detailed and reliable basic data for the study of flora, biodiversity and alien plant invasion in Xiao Hinggan Ling (Liu and Ji 1995).
